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FORTY-ONE CASES of periodic paralysis associated
with hyperthyroidism have been reported29'30 since
Rosenfeld's description in 1902.30 The periodic pa-
ralysis associated with hyperthyroidism is quite
similar to the familial type but each type has certain
distinguishing characteristics.

Several theories of the pathogenesis of periodic
paralysis have been offered. Recent developments in
the field of steroid chemistry have resulted in the
isolation and identification of the naturally occur-
ring mineralocorticoid called aldosterone. This hor-
mone has been found by Conn8 and others1'4,9,12,17'24
to cause a condition called primary aldosteronism
which is characterized by spells of paralysis, poly-
uria, polydipsia and hypertension. The laboratory
findings in this condition are essentially hyper-
natremia, hypopotassemia and metabolic alkalosis.
Conn and associates7 recently reported that im-

mediately preceding and during an attack of pa-
ralysis there is an increase in the rate of aldosterone
excretion. Somewhat conflicting information along
this line was reported by Jones and associates.20
The following is a report of studies that were

carried out in the case of a patient with periodic
paralysis associated with hyperthyroidism.

REPORT OF A CASE

A 23-year-old Caucasian man was referred to
the Communicable Diseases Unit of the Los Angeles
County General Hospital in January, 1956, because
of flaccid paralysis which had started in the lower
extremities and progressed to involve the muscles
of the upper extremities and trunk. It had begun
only about three hours before admittance, when the
patient on attempting to leave a theater found that
he could barely walk even with aid. By the time he
was admitted to the hospital the paralysis was so
severe that the use of a tank respirator was con-
sidered. The patient had had no previous attacks.
At the time of admission, he denied any symptoms
of nervousness or tremor. There was no family his-
tory of paralysis.
On physical examination the patient was observed

to be normal appearing, well developed, well
nourished and somewhat apprehensive. Flaccid
paralysis of the lower extremities, the back and the
left upper extremity were noted, and there was also
slight weakness of the right upper extremity. The
blood pressure was 158/50 mm. of mercury, the
pulse rate was 120 and the rectal temperature 100.60
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F. Deep tendon reflexes were absent in the lower
extremities and hypoactive in the upper extremities.
The hemoglobin content was 14.5 gm. per 100 cc.

of blood. Leukocytes numbered 9,800 per cu. mm.
with the cell differential within normal range. Serum
potassium was 2.1 mEq. per liter. The specific grav-
ity of urine was 1.025, the pH was 7.5 and it
contained no albumin.
The muscle weakness progressed to involve the

right arm and the chest muscles. The vital capacity
dropped to about 75 per cent of normal. No abmor-
malities were noted in the cerebrospinal fluid on
two occasions. The patient received supplemental
potassium and in 24 hours was able to move all
extremities quite well. An electrocardiogram taken
24 hours after the attack showed sinus tachycardia
(rate 120) but was otherwise within normal limits.
Over the following seven days the serum potassium
ranged from 4.5 to 5.9 mEq. per liter and serum
sodium values ranged from 150 to 157 mEq. per
liter. There was no clinical evidence of hyperthyroid-
ism on this admission other than the tachycardia.
An attempt to precipitate an attack of paralysis by
exercise, intravenous glucose and insulin was un-
successful.

Table 1 gives the results of further studies made
during a period between attacks of paralysis.
The patient was discharged with instructions to

take 80 mEq. of supplemental potassium per day
in divided doses. In spite of this dose of potassium
the patient had a second attack of paralysis six
weeks later. About the time of this attack, symptoms
and laboratory data became consistent with hyper-
thyroidism. Uptake of radioiodine in 24 hours was
72 per cent and the protein bound iodine content
was 13.1 micrograms per 100 cc. The result of a
second radioiodine uptake test was 71 per cent in
24 hours. A scintogram showed a slightly enlarged
thyroid gland with diffuse distribution of the radio-
active iodine.
The next paralytic attack occurred in April 1956.

At that time two consecutive 24-hour samples, start-
ing six hours before the onset of paralysis, were
obtained for assay of aldosterone content. On the
day of attack the patient excreted 24 micrograms
of aldosterone per day (normal 1 to 3 micrograms
per day) and 25 micrograms of aldosterone on the
day following the attack.* This attack occurred
even though the patient was taking 160 mEq. of
potassium daily.
Two months later the patient had another severe

attack. At this time serum potassium and serum
sodium were 3.1 and 150 mEq. per liter, respectively.
The patient showed no response to 2 mg. of Neo-
stigmin® given intravenously, whereas oral potas-
sium chloride checked the progression of the paraly-
sis. Within four hours he was asymptomatic except
for mild residual weakness.

*Since a high potassium content has been found to increase the
aldosterone excretion rate,22 this patient was studied for this phenom-
enon after correction of the hyperthyroidism. After the patient had
been receiving 160 mEq. of potassium daily for one week, he was
found to be excreting 5 and 6 micrograms of aldosterone per 24
hours on successive days.
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The patient was observed in three of his five
severe attacks. A typical attack usually began be-
tween 3 and 5 a.m. after a day of extra exertion
and chilling. The patient would awake unable to
move his lower extremities and with a feeling "as
though a rod was being removed from his thighs
and legs." The normal strength of the muscles
seemed to gradually disappear, the muscles of the
thighs and legs being affected first and most se-
verely. The weakness would then spread centrad
to involve the abdomen, and in two instances it
involved the upper extremities. All the attacks except
the first were related to exertion and chilling. All
were relieved with potassium.

Propylthiouracil was given for two months pre-
paratory to operation, and subtotal thyroidectomy
was carried out. No spells of muscular weakness
have occurred in the three years since the adminis-
tration of propylthiouracil was started and the
patient has remained euthyroid.

METHODS

The alveolar carbon dioxide determinations (Table
1) were made continuously with an infrared CO2
analyzer6 as the arterial sample was obtained an-
aerobically. The pH of this specimen was de-
termined immediately in a blood electrode of a
Beckman Model G pH meter. The stimulated saliva
was obtained while the patient was chewing paraffin.
Sodium and potassium concentrations were meas-
ured by a Beckman Model DU flamephotometer.
The urinary uropepsin determinations were made
on a 2-hour timed specimen collected in the fasting
state and analyzed as described by West.38 Sodium-
22 was used to measure the 1-hour and 24-hour
exchangeable sodium. The 1-hour sample was used
as a measure of the extracellular sodium. Potassium-
42 was used to measure the 24-hour exchangeable
potassium.

Initial Laboratory Work. The initial laboratory
work showed that the patient had a hypopotassemia,
a high urine specific gravity with an alkaline pH.

Further Studies. The patient had no evidence of
metabolic alkalosis. The salivary ratios of sodium
to potassium were within normal limits. The uro-
pepsin excretion rates were all normal, as were
the extracellular, intracellular and 24-hour exchange-
able sodium values and the exchangeable potassium.
The 24-hour urinary creatine was increased.

DISCUSSION

Familial periodic paralysis and the periodic pa-
ralysis associated with hyperthyroidism appear to
be closely related. Both have similar clinical mani-
festations and precipitating factors, and they are
similar also in the changes in electrolyte metabolism
associated with them. Periodic paralysis associated
with hyperthyroidism differs in that there is no
hereditary relationship. It is limited almost entirely
to males33 and correction of the hyperthyroidism re-

TABLE 1.- Results of Laboratory Tests Carried Out Between
Attacks of Periodic Paralysis

Test Results Normals

*Alveolar CO2 (mm. Hg.) ............. 35 35-45
*Arterial pH .7.41 7.35- 7.45
Unstimulated salivary Na/K

ratio . 0.59,0.61,0.58 0.5- 1.5
Stimulated salivary Na/K ratio.. 0.85,0.85,0.65 0.8. 3.0
Uropepsin excretion rate
units/hour ...................... 12-1915-40

Extracellular sodium mEq........... 2590
Intracellular sodium mEq........... 1100
Exchangeable sodium (24-hr.)

mEq ....................... 3700
Nae/wt. mEq. per kg................... 44.0 37.8-47.5
Exchangeable potassium (24 hr.) 3435 39.8-62.3
Ke/wt. mEq. per kg..................... 44.4
24-hour urinary creatinine gm..... 1.90 1.23- 2.11
24-hour urinary creatine gm ....... 0.62 0.02- 0.34

Simultaneously obtained.

sults in a cessation of the paralytic episodes.?" 18'31'37
The defect remains, however, as evidenced by the
fact that the paralytic episodes return with the return
of hyperthyroidism."1 26

Shinosaki32 was able to increase the severity and
frequency of episodes of paralysis with thyroid
hormone in six of seven patients with periodic
paralysis. On the other hand, Wolf9 reported six
cases of familial periodic paralysis in which the
patients were not benefited by potassium but could
be maintained free of attacks with thyroid hormone.
At present, reports in the literature differ as to

the effect of thyroid hormone on adrenal cortical
function. In one study15 it was reported that the
aldosterone excretion rate is normal in thyrotoxi-
cosis. The author has observed that the aldosterone
excretion rate may be three times normal in severe
hyperthyroidism.

Several studies of the electrolyte metabolism
during an attack of periodic paralysis have been
reported showing that for one to two days before
and on the day of an attack there is a decrease in
urine output of water, potassium, sodium and
chloride.'0'33 The serum potassium and phosphorus
are characteristically low during the attack of pa-
ralysis.7"10'33 As the serum potassium and phos-
phorus return to normal the paralysis disappears.
The exact reason for the drop in serum potassium

in periodic paralysis has not been determined. Bi-
opsy of specimens taken during an attack of paraly-
sis have shown that the muscle potassium is slightly
increased.7 According to Vastola36 there is a total
gain of approximately 130 mEq. of potassium per
kilogram of muscle solid, which in the average
patient would be approximately a 1,300 mEq. in-
crease in muscle cellular potassium. This figure must
be high unless potassium transfers from some source
besides the extracellular fluid. The rapid absorption
of carbohydrates or the injection of insulin or of
epinephrine will result in an increase of the utiliza-
tion of carbohydrate in the tissues. Insulin and
epinephrine also have a glycogenolytic activity on
the liver, which would result in a loss of potassium
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from the liver location. Conn reported that the
sodium and potassium content of muscle in periodic
paralysis are both increased above normal in terms
of mEq. per kilogram of muscle and that there is a
decrease in exchangeable potassium with an increase
in the exchangeable sodium. In the case herein
reported the exchangeable sodium and potassium
were within normal limits for a period between
two attacks. If the exchangeable potassium is low
and the exchangeable sodium is high in periodic
paralysis, this electrolyte shift may well have been
produced by intermittently high aldosterone before
the attack of paralysis. Further, if the muscle po-
tassium is high and the exchangeable potassium is
low, then other tissues than muscle must be deficient
in potassium. Further studies would seem indicated.

Patients with primary aldosteronism have been
found to have chronic total body deficit of potassium
and chloride, a retention of sodium and a metabolic
alkalosis as the most pronounced chemical changes.
These patients have an increase in exchangeable
sodium and a decrease in exchangeable potassium.9
The increased aldosterone in these cases has its
origin in adenomas of the adrenal cortex or in hy-
perplasia of the adrenal cortex. Removal of the
functioning adenoma or hyperplastic gland results
in a cure of this condition. Periodic paralysis asso-
ciated with hyperthyroidism may be distinguished
from primary aldosteronism by the history, physical
findings and the previously mentioned laboratory
tests.
Conn and associates7 reported that in addition to

the electrolyte changes in periodic paralysis there
is a decided increase in urinary aldosterone excre-
tion rate for one to two days before the onset of the
paralysis. About the time that the paralysis subsides
(in a spontaneous attack) the aldosterone secretion
rate is below normal. An increase in aldosterone
secretion rate also occurred in the attacks induced
by glucose and insulin.

In the present case an attack could not be induced
factitiously; hence a study of the electrolyte change
could not be carried out. The situation which con-
sistently seemed to precipitate an attack in the
patient was a combination of strenuous physical
exercise and chilling which occurred when he went
surf-fishing. The aldosterone excretion rate the day
of the attack and for 24 hours afterward was def-
initely increased above the amount one would an-
ticipate from the effect of potassium chloride in
the diet.

Clinical studies on the effect of the injection of
aldosterone on electrolyte metabolism have been
difficult because of the scarcity of the hormone.
Reports in the literature2'16'23 so far seem to indicate
that aldosterone causes retention of sodium, chlor-
ide and water, with a variable effect on potassium.
So far, not enough of the hormone has been given
to produce an attack of paralysis. Dosage levels so
far have been about 3,000 micrograms per day. If
the aldosterone assay method now in use measures
about 1 per cent of the total aldosterone output,22

then patients with periodic paralysis may well be
forming from 3,000 to 20,000 micrograms per day
immediately preceding and during an attack. Since
the electrolyte changes can be precipitated by the
injection of carbohydrates, epinephrine or insulin13
in normal persons without causing paralysis, the
development of a high aldosterone output just be-
fore and during an attack in patients with periodic
paralysis has considerable significance.
The exact mechanism by which the excretion of

aldosterone is controlled under normal conditions.
is still under investigation in several centers. Studies
have shown that the level of the serum potassium22
and the extracellular volume3 have very important
roles in the regulation of this steroid. From the
reports. of Newman, Redgate, and Farrell,28 it ap-
pears that the main integrating center for the control
of aldosterone secretion is in the midbrain, with
the regulating hormone, glomerulotropin, present
in the pineal gland. In the disease entity of periodic
paralysis associated with hyperthyroidism, it would
seem most likely that there is an inborn latent
physiological defect in the adrenal cortex or in the
midbrain regulating center which under the condi-
tion of hyperthyroidism and stress results in an
intermittently high secretion rate of aldosterone.
The clinical manifestations could then be explained
by the influence of aldosterone upon the mineral
metabolism resulting in muscle paralysis. Other in-
vestigators'9 have suggested that an abnormally
sensitive adrenal gland may be a factor in periodic
paralysis.
An alternate explanation for the high aldosterone

levels in periodic paralysis would be a defect in the
muscle tissue which causes hypopotassemia and
fluid volume shift which results in a secondary rise
in this hormone. Further studies would seem to be
needed to establish whether or not larger doses of
aldosterone can produce the clinical paralysis acutely
without potassium diuresis, or whether aldosterone
is increased secondarily to some electrolyte or vol-
ume change.

SUMMARY

This is a case report of a patient with periodic
paralysis associated with hyperthyroidism who had
a remission of the paralysis after subtotal thyroidec-
tomy. The patient was found to have none of the
persistent electrolyte defects of primary aldosteron-
ism between attacks of paralysis. The 24-hour ex-
changeable sodium and potassium were both normal.
He was found to have a high excretion rate of al-
dosterone the day of and the day following an attack
of paralysis associated with hypopotassemia.
The College of Medical Evangelists, 1720 Brooklyn Avenue, Los

Angeles 33.

REFERENCES

1. Aird, I., Milne, M. D., and Muehrcke, R. C.: Potassium-
losing nephritis, Brit. M. J., 1:1042, 1956.

2. August, J. T., Nelson, D. H., and Thorn, G. W.: Re-
sponse of normal subjects to large amounts of aldosterone,
J. Clin. Invest., 37:1549, 1958.

VOL. 92, NO. 4 * APRIL 1960 287



3. Bartter, F. C., Liddle, G. W., Duncan, L. E., Jr., Barber,
J. K., and Delea, C.: The regulation of aldosterone secretion
in man; the role of fluid volume, J. Clin. Invest., 35:1306,
1956.

4. Chalmers, T. M., Fitzgerald, M. G., James, A. H., and
Scarborough, H.: Conn's syndrome with severe hypertension,
Lancet, 1:127, 1956.

5. Cogswell, H. D., and Becton, L E.: Periodic paralysis
with exophthalmic goiter, Arizona Med., 9:26, 1952.

6. Collier, C. R., Affeldt, J. E., and Farr, A. F.: Continu-
ous rapid infrared C02 analysis. Fractional sampling and ac-
curacy in determining alveolar C02, J. Lab. and Clin. Med.,
45:526, 1955.

7. Conn, J. W., Fajans, S. S., Louis, L. J., Streeten, D. H.,
and Johnson, R. D.: Intermittent aldosteronism in periodic
paralysis, Lancet, 1:802, 1957.

8. Conn, J. W.: Presidential Address Part II. Primary
aldosteronism a new clinical syndrome, J. Lab. and Clin.
Med., 45:3, 1955.

9. Crane, M. G., Short, G., and Peterson, J. E.: Observa-
tions on a case of primary aldosteronism, Am. J. Med., 24:
313, 1958.

10. Danowski, T. S., Elkington, J. R., Burrows, B. A., and
Winkler, A. W.: Exchanges of sodium and potassium in
familial periodic paralysis, J. Clin. Invest., 27:65, 1948.

11. Dunlap, H. F., and Kepler, E. J.: A syndrome resem-
bling familial periodic paralysis occurring in the course of
exophthalmic goiter, Endocrinology, 15:541, 1931.

12. Fine, D., Meiselas, L. E., Colsky, J., and Oxenhorn, S.:
Primary aldosteronism; report of a case and discussion of
the pathogenesis, N.E.J.M., 256:147, 1957.

13. Flock, E. V., Bollman, J. L., Mann, F. C., and Kendall,
E. C.: The effect of the intravenous injection of glucose and
other substances on the concentration of potassium in the
serum of the dog, J. Biol. Chem., 125:57, 1938.

14. Hayashi, S.: Periodic paralysis associated with Graves'
Disease; studies in three cases, J. Internat. Coll. Surg., 25:
383, 1956.

15. Hernando, L., Crabbe, J., Ross, E. J., Reddy, W. J.,
Renold, A. E., Nelson, D. H., and Thorn, G. W.: Clinical
experience with a physico chemical method for estimation of
aldosterone in urine, Metabolism, 6:518, 1957.

16. Hetzel, B. S., McSwiney, R. R., Mills, I. H., and
Prunty, F. T.: Observations on the effects of aldosterone in
man, J. Endocrinol., 13:112, 1956.

17. Hewlett, J. S., McCullagh, E. P., Farrell, G. L., Dun-
stan, H. P., Poutasse, E. F., and Proudfit, W. L.: Aldosterone-
producing tumors of the adrenal gland: Report of three
cases, J.A.M.A., 164:719, 1957.

18. Hildebrand, A., and Kepler, E.: Familial periodic
paralysis with exophthalmic goiter, J. Nerv. and Ment. Dis.,
94:713, 1941.

19. Jantz, H.: Sloffwechseluntersuchungen bei paroxy-
smaler Lahmung, Deut. Zschr. Nervenh., 173:517, 1955.

20. Jones, R. V., McSwiney, R. R., and Brooks, R. V.:
Periodic paralysis: Sodium metabolism and aldosterone out-
put in two cases, Lancet, 1:177, 1959.

21. Linder, M. A.: Periodic paralysis associated with hy-
perthyroidism; report of three cases, Ann. Int. Med., 43:241,
1955.

22. Leutscher, J. A., Jr., and Curtis, R. H.: Aldosterone
observations on the regulation of sodium and potassium bal-
ance, Ann. Int. Med., 43:658, 1955.

23. Mach, R. S., Fabre, J., Duckert, A., Borth, R., and
Ducommun, P.: Action clinique et metabolique de l'aldo-
sterone (electrocortine), Schweiz. med. Wschr., 84:407, 1954.

24. Mader, I. J., and Iseri, L. T.: Spontaneous hypopotas-
semia, hypomagnesemia, alkalosis and tetany due to hyper-
secretion of corticosterone-like mineralo-corticoid, Am. J.
Med., 19:976, 1955.

25. Mamou, H., and Hadjouj: Concerning a peculiar
paralysis-the periodic paralysis, La Tunisie Medicale, 31:
421, 1937.

26. Mora, J. M.: Periodic paralysis occurring in course of
exophthalmic goiter, Endocrinology, 16:407, 1932.

27. Morrison, S., and Levy, M.: Thyroid factor in family
periodic paralysis; report of case, Arch. Neurol. & Psychiat.,
28:386, 1932.

28. Newman, A. E., Redgate, E. S., and Farrell, G.: The
effects of diencephalicmesencephalic lesions on aldosterone
and hydrocortisone secretion, Endocrinology, 63:723, 1958.

29. Okinaka, S., Shizume, K., Shiro, I., Watanabe, A., Irie,
M., Noguchi, A., Kuma, S., Kuma, K., and Ito, T.: The asso-
ciation of periodic paralysis and hyperthyroidism in Japan,
J. Clin. Endocrinol., 17:1454, 1957.

30. Rosenfeld, M.: Akute aufsteigende Lahmung bei mor-
bus basedow, Klin. Wchsnschr., 39:538, 1902.

31. Seed, L.: Periodic paralysis with exophthalmic goiter
controlled by 6-propylthiouracil, West. J. Surg., 55:640, 1947.

32. Shinosaki, T.: Klinische studien ueber die periodische
extremitatenlahmung, Zeitschrift ges, Neurologie u. Psy-
chiatrie, 100:564, 1926.

33. Talbott, J. H.: Periodic paralysis: A clinical syndrome,
Medicine, 20:85, 1941.

34. Tsuji, K.: Ueber die pathogenese der paroxysmalen
extremitatenlahmung, Klin. Wchnschr., 18:320, 1939.

35. van Buchem, F. S., Doorenbos, H., and Elings, H. S.:
Primary aldosteronism due to adrenocortical hyperplasia,
Lancet, 2:335, 1956.

36. Vastola, E. F., and Bertrand, C. A.: Inttacellular water
and potassium in periodic paralysis, Neurology, 6:523, 1956.

37. Weissman, L.: Periodic paralysis associated with thy-
rotoxicosis: A case report, J. Clin. Endoc., 12:1223, 1952.

38. West, P. M., Ellis, F. W., and Scott, B. L.: A simpli-
fied method for determining the excretion rate of uropepsin,
J. Lab. & Clin. Med., 39:159, 1952.

39. Wolf, A.: The effective use of thyroid in periodic
paralysis, N.Y.J.M., 43:1951, 1943.

I

288 CALIFORNIA MEDICINE


